A method for splicing hollow-core photonic bandgap fiber to step-index fiber using a commercial arc fusion splicer has been developed. These splices compare favorably with commercially available splices for nonlinear optical interactions with gases.
Introduction
The advent of photonic bandgap fiber (PBG) has spurred many studies of nonlinear interactions between light and molecular gases. For instance, Raman scattering by hydrogen gas in these fibers allows highly efficient wavelength conversion [1] . Electromagnetically-induced transparency has been observed in acetylene-filled fibers with applications toward all-optical fiber communications [2] . Saturation spectroscopy, for higher-accuracy portable optical frequency references, has also been demonstrated [3] . Even linear interactions are significantly enhanced, resulting in the development of gas sensors [4] and Doppler-and pressure-broadened frequency references [1] .
Practical devices based on gas-filled PBG fiber require both ends of the hollow fiber to be sealed. Typically this is accomplished by fusion splicing to solid-core single mode fiber (SMF), which is challenging due to the fragile PBG fiber. In fact, PBG fibers have been sealed after being filled by acetylene gas [1] , but this technique relies on the use of an expensive, filament-based fusion splicer. Commercially-available spliced PBG fibers are made with the same technology [5] . Solid-core microstructured fibers have been spliced with arc-splicers [6] , and the collapse of air holes in PBG fiber for selective injection has been systematically investigated [7] . However, a simple recipe for splicing PBG fiber to SMF using a conventional arc fusion splicer has until now been lacking. Here we demonstrate a repeatable, robust, low loss (<1.4 dB) splice between a hollow-core PBG fibers and SMF. The performance of this fiber compares favorably with a commercially made spliced fiber for saturation spectroscopy.
Fusion splicing hollow-core PBG fiber to SMF
The reason why filament splicers are generally preferred for PBG fiber fusion splicing is that they heat more slowly and uniformly. Thus we wish to mimic the filament fusion splicer using an Ericsson FSU-995 electric arc fusion splicer. A multi-step splice procedure was used that involved 1) a short, high current arc and 2) a long, low current arc. Figure 1 The loss with respect to the butt-coupled throughput was measured during the splicing procedure (Fig. 2) . During the splice program the two fibers were briefly butt-coupled (touch point) and then a gap of +10 m was made. The center position was set to 260, thus the offset of the gap center from the electrodes axis was roughly 5 m, according to the calibration from Ref. [7] . This offset ensured that less heat was applied to the PBG fiber and prevented a collapse of the air holes. The first fusion current of 10 mA was used for 0.2 s, and then a lower 7 mA current was used for 12 s. During the second current the fibers were overlapped with a gap width (overlap) of 
Hollow-core PBG fiber to SMF splice for a gas-filled optical frequency reference
To demonstrate the utility of the splice, a 0.78 m length of PBG fiber spliced to SMF (called Fiber 1) was evacuated by pumping with a mechanical rough pump on the PBG fiber's open end in a vacuum chamber ( Fig. 1(a) ). The fiber was evacuated to ~15 mT over 12 hours. Then the PBG fiber was filled with acetylene gas in the same vacuum chamber to a pressure of 860 mT. Absorption spectroscopy was performed on the gas in the PBG fiber and a strong absorption feature was observed. The spectra were compared to the same measurement performed with a PBG fiber that had a splice made using a filament fusion splicer (called Fiber 2, purchased from Crystal Fibre). The 2 m length of PBG fiber in Fiber 2 was at 320 mT. Both gas-filled fibers exhibited similar absorption (Fig. 3(b) ). Unfortunately, interference with light reflected from the splice limited the visibility of the saturated absorption feature. The exact pathways interfering are not known, but the Fabry-Perot-like fringes had a contrast ratio of ~6% (Fiber 1) and ~7% (Fiber 2), indicating the similarity between the two splices. 
